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1. INTRODUCTION | o
RecentﬂdeyeTOpment.ofyobtical'fibek waveguides»withniesses"]ess.
than 1.dB/km at 950 nm wévé]ength(]) has created the possibd1ity of
transmitting te1evision signals through ané]ogue optica]itransmissidn »
systems for d1stances extend1ng well beyond ]0 km, w1thout the use of -
repeaters(z) A Ana]ogue systems are attract1ve because of system s1mp11-ns-
city and potential low cost in compan1son»to digital opt1ca1_transm1ss1on
systems. Application of dptida1;tibers to cable television (CATV) systems

(3,4,5, 6)

have been d1scussed often in the past and two fundamenta]

prob]ems in dup11cat1ng the present coax1a1 cable te1ev1s1on system with
0pt1ca1 f1bers have been 1dent1f1ed |
The f1rst prob]em is the poss1b1e Timitation 1n the transm1ss1on

.

bandwidth,of the_easy-to—use.opt1ca1sf1bers( The. transm1ss1on of

cable television signals over distances .of more than several kilometers

is difficu]t‘for most optical -fibers because of the.bdndwidth require-
ment that exceeds 200 MHz. Therefore, for trunk-lines in optical

cab]e.te]evisiOn.systems,‘spatta1'diyision mu]tip]exing'may need to be

~ considered.

The second problem is the Targe optical input peneh required if
many'subSCribers are to be‘connected to a single'1ightAsOUFce - For

example, if 1 uw is to be de11vered to each® of five thousand sub-~

>scr1bers, a tota] of more than 5 mW will need to be 1aunched into the

fjber at the”s1gna1 source. This assumes that there»are no 1nterven1ng

~ Tlosses such as fiber loss and coupling losses. Such losses will 1ncrease'

the required power many times. 'High power light sources are Timited to
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' gas or Nd3 :YAG 1asers which are bu]ky and not genera11y su1ted for
app11cat1on to opt1ca1 commun1cat1on systems for. Tocal subscr1ber 1oops

- The convent1ona1 coax1a1 cab]e te]ev1s1on system therefore

appears to be d1ff1cu1t to reproduce w1th1n the context of present opt1ca1y‘

commun1cat1ons(techno1ogy. However, the switched cab]e te]ev1s1on
systems of fRediffusion".(EnQTand) and "D1scade" (USA) can be dup11cated
readily by using optical fibers because‘ at any given’ t1me only a
s1ng]e TV channe] is supplied to’ the subscriber through a 11ne that
is ded1cated-to the subscr1ber Channe] selection .is performed by the
subscr1ber but the sw1tch1ng is. carr1ed out at a d1str1but1on (sw1tch1ng)
'centre - The sw1tch1ng s1gna1 is carr1ed from the subscr1ber back to the
distribution centre through the ded1cated ]1ne

Since opt1ca1 f1ber transm1ss1on systems are 1mmune to RF 1nter-
Aference and d1stances extend1ng well beyond 5 km can be spanned by
ana]ogue opt1ca1 transm1ss1on methods, the sw1tched opt1ca1 f1ber
system mer1ts'cons1derat1on' A conceptua] des1gn of a sw1tched tele-
vision- d1str1but1on system using opt1ca1 f1bers is. presented in this

memorandum and some des1gn opt1ons are discussed.

2. SWITCHED TELEVISION- DISTRIBUTION SYSTEM

. The d1str1but1on ‘system descr1bed here prov1des two TV
channels by frequency d1vjs1on mu1t1p1ex1ng (FDM) and one baseband :
audio channe] to the subscriber. Two TV channeis:weregconsidered
essential because many Canadian homes have two-TV sets that are‘”

- used to view two djfferent‘channe]s‘simu]taneous1y; *one by
adults and the other‘by children. An audio channel fs_dnc]uded'

" to allow data transmission or connection of a te]ephonefsystem.
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f A return T1ne to the centra] sw1tch1ng of fice carries. two tone— '
s1gnaTs on subcarr1er frequenc1es for TV channel seTect1on and one base—’f

band audio signal for data or telephone.

2. 'Sebscriber Statioh
; A bTock d1agram of the subscr1ber station is shown in F1g T.
Two optical f1bers are used to connect the subscr1ber to the centraT
-sw1tch1ng off1ce Singe opt1caT f1bers are d1ff1cuTt to use in a b1—
' d1rect1onaT.manner at present, one f1ber is used for thansm1551on to _‘ o
the subscriber thTe the other fiber Ts used for tranémfssidn to the A
centraT sWitchihg office - The FDM signal 1is transm1tted from the centraT
sw1tch1ng office as an 1ntens1ty moduTated (IM) opt1caT anaTogue signal.
The optical signal is detected by a photodiode and the rad1o frequency (RF)
signals are separated Thte baseband audio and-the two.TV=suhcerrier
freeuenciesTf].ahdvfé, by the power splitter and'fiTtehs.' The subcarrier
Frequeneies carry ampTitude moduTated (AM) video s1gnaTs and frequencyh '
modulated (FM) audio s1gnaTs according to the Nat1ona1 TeTev1s1on
| Standard1zat1on Comm1ttee (NTSC) format. . The two TV smghaTs are de—
modulated to produce baseband video signals and FM audio signaTs' ,
at 4.5 MHz. The signals'are then supplied to TV sets des1gned to‘
receive these s1gnaTs through a hard-wire connect1on The base-
band aud1o s1gna1 is aTso eonnected by‘hard—w1re;to a data tehminaT
or telephone set depending on the subscriber's_requihemeht; ‘

lChanneT seTection'foh the TV sets is’performea_through a 12-key
"Touch-Tone“xpushbutton pad. The tone—signaTs ere‘hoduTated on to |

subcerrier_frequencies (f1,f5) and combined to produce an FDM signal.
. arr; ' 1°79 , | | ce A
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* Two opt1ca1 fibers are connected to the subscr1ber
One fiber brings in 2 TV channels and-a. baseband

Caudio signal from the switching office while the

- second fiber sends out 2 "Touch-Tone" -signals for
TV channel selection and a baseband aud1o s1gna1

to the sw1tch1ng office.




‘The tone s1gna1s are carr1ed as FM s1gnaTs by subcarr1er frequenc1es '

f] and’ f Whenever the TV set is energ1zed a ‘subcarr1er frequency is T’i

- produced - to 1nd1cate to ‘the centraT processor unit at the sw1tch1ng
centre that a. set is in use. The comb1ner aTso 1ntroduces the
baseband audio s1gna1 from the data term1na1 or teTephone set Tthi
comb1ned FDM s1gna1 1s used to modu]ate a. T1ght source. to produce an IM -
opt1ca1 anaTogue s1gnaT The opt1ca1 s1gna1 is then transm1tted to »
. the centraT sw1tch1ng off1ce through the second opt1ca1 f1ber

‘ Poss1bTe aTTocat1on of frequenc1es for the FDM scheme is shown
1n TabTe 1. The subcarr1er frequenc1es for TV transm1ss1on and channeT—
- selection tone- s1gna1s are chosen so that second order 1ntermodulat10n

products do not 1nterfere with the qua11ty of transm1ss1on . .

2. 2 Central Sw1tch1ng Off1ce .
) A block d1agram of the centraT sw1tch1ng off1ce is shown in
Fig. 2. Two opt1ca1 f1bers connect. ‘each. subscr1ber to. the off1ce

The. f1gure shows onTy two sets of pa1rs for s1mp11c1ty The M opt1ca1
analogue s1gna1 is detected by a photod1ode first and then the RF
subcarr1er and baseband s1gna]s are separated through a power sp11tter
~‘and f11ters The baseband aud1o s1gna1 is hard-wire connected toa - -
»teTephone exchange wh1ch prov1des the data or teTephone serv1ce ~_The
channeT seTect1on tone s1gna1s are f1rst recovered by demoduTat1ng the
1 FM subcarr1er s1gnaTs and then suppTy1ng them to the sw1tch1ng system
‘which seTects the appropr1ate TV channeTs accord1ng to the sw1tch1ng

- codes that are rece1ved |
The sw1tch1ng system has a number of TV s1gna1 sources SOme

are,rece1ved:off5a1r,‘others through m1crowaye T)nks or sate111te T1nks;



TABLE 1

FREQUENCY ALLOCATION OF RF SUBCARRIERS

" The TV frequenC1es correspond to -
channel T-8 and T 9 of the sub- 1ow

bands

To SubSCPiber.”

.Frequency-

-Service (MHz) ~ ‘~ﬂ¥Modu1atioh’f 
Audio = baseband
TV, Video 13.0 e
| Audio 3 17.5 M
(NTSC Format) . ° ’ .
TV, Video 19.0 Mo
, Audio - 235 M
(NTSC Format)- '
Frbm_Subscbiber
~Service | Frf&gi?cy Modulation = -
- Audio . ‘baseband
Channe] Selection ‘ ' SR
Channe] Select1on ' -~:,i‘7'
Tone 0.15 A
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Fig. 2 CENTRAL SWITCHING OFFICE

A large number of TV channels can be
offered by using off-the-air, microwave and
satellite signals in add1t1on to locally
originated programs. The baseband audio

- 'signals are connected to a te]ephone or
' data exchange system



or teTephone'serv1ce

Local origination may include a video tape recorder or stgnals produced

ina TV studio..;Aoorooriate voice messages:are aTso'orovided to inform
the subscrioer-of any unusual probTems .The video'signaTS are supp]ied '
to.-the sthch1ng system at baseband while the audio s1gna1$ are carr1ed
by -FM on a 4:5 MHz subcarr1er frequency ' | A

| ~ The TV channels or voice messages are connected by the sw1tch1ng ‘
system to the modu1ator which 1mposes the signals upon subcarrler fre- |
quenc1es f] and fzand then passes them to the light source to generate -
" an anaTogue IM opt1ca1 s1gna1 which is transm1tted to the subscr1ber
through an optical f1ber The baseband aud1o s1gna1s that prov1de the
data or teTephone serv1ceare also combined with the‘TV~ngnals to compTete

the FDM transmission scheme Thus, a subscriber may receive simUTtaneousTy

up to two TV channels and an audio s1gna1 which may prov1de e1ther data

2 3 Swztch1ng System

A block d1agram of the sw1tch1ng system is shown 1n Fig. 3. Two

switching matr1ces are used, one for the channeT se]ect1on “tone- s1gnals

and one for the TV signals. The switching matrices are contro]]ed by a

central processingyunit (CPU) which can cTose a c1rcu1t at any cross-
oOTnt-in the smitching matrices. The subscr1ber 11nes are scanned
continuously for the presence of two signals, the:"#"- tone and the
subcarr1ens f1-and‘f2.' The "#"-tone is generated by the "Touch: Tone"

channel selector at the TV set and signifies a request by the subscr1ber '

“to change the TV channel being viewed. The subcarriers tf and -, when

demodulated, proyide. a DC signal which indicates that the TV set is in use.

)
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Fig. 3 SWITCHING -SYSTEM

The "Touch-Tone" switching matrix is used to connect decoders to
the in-coming lines from the subscribers. The TV switching

matrix is controlled by the central processing unit (CPU) which -
is programmed to respond to various situations. The CPU may also
be used for data processing operations such as statistical analysis
* for program ratings and customer account billing..
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conta1ned in the CPU enabTes the CPU to 1dent1fy each TV channeT and )
every subscriber so that appropr1ate switching is- prov1ded and pert1nent
data is recorded for account1ng purposes and stat1st1ca1_ana1ysTs.

A flow chart for the~CPU program logic for TthhanneT selection
is shonn.in Fig. 4._ Once the "#'-tone is detected, the CPU resets.the
switchind process for the'particuTar subscriber to.the neset ooint.'elf '
the cond1t1on 1nd1cates a change in the TV channeT be1ng v1ewed data
such as v1ew1ng times, durat1on channeT number, type of serv1ce (i.e. Pay -TV,
Subscr1pt1on—TV or Free- TV)i‘are recorded first. The CPU then searches for a
.“Touch Tone" decoder to connect to the subscriber's T1ne The‘ConnectTon
is made by cTos1ng one of the cross-points 1n the "Touch-Tone" sw1tch1ng
matrix. If aTT decoders are in use, a voice message 1s prov1ded to inform
the subscriber. and request a second d1a11ng attempt a short time later.

The message is a pre- ~recorded announcement and s connected to the }
subscriber's T1ne by closing a cross—po1nt in the TV sw1tch1ng matrix.
The dial-tone and~r1ng-tone are connected in the same manner. VOnce
a. decoder is connected a dial- tone is supp]1ed to 1nform the subscr1ber
that the CPU is prepared to receive a channeT se]ect1on code If the
subscriber: is tardy in his selection, the dial-tone andsdecoder'are
disconnected after a suitable time Tapse Termination oTjthe~dia1-tone
1nd1cates to the subscr1ber that the CPU has d1sconnected h1m This
‘step 1is 1ntroduced to make efficient use of the decoders

When the two-d1g1t tone-codes for channel se]ect1on~are decoded.
and received by_the CPU, a ring-tone is supplied to Tnform the subscriber

- that the switching operation has started. If a Pay-TV. or Subscription-TV

Pay-TV refers to a TV service based on a charge per program scheme while
subscription-TV refers to TV service based on a fixed monthly or annual
" charge scheme. Free-TV service refers to public broadcasting services.
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serv1ce has been selected, the CPU is programmed to check the accounts
of the subscriber for any arrears. If a s1gn1f1cant amount is owing, a
message is connected requeéting the subscriber to contact the operator.
At the same time the operator is alerted by a printout }on.the'cathode‘
ray tube (CRT) terminal which provides pertinent information.about the
subscriber's account. When the subscriber contacts.the;operatOr, ways
of»rectifying-theiorob]em_can be discussed and.manual interuention by
the operator may‘optiona11y allow the subscriber to receive the‘TV |
signal on a Timited basis. .If the subscriber does not contact the
operator the operator may phone the subscriber to 1n1t1ate a d1scuss1on
on ways of rectifying the problem.

In case a channel that is not in service is selected, a’message

1nform1ng the subscr1ber to consult the TV channel d1rectory is prov1ded.

If the customer S account is. 1n good stand1ng or Free-TV service has
been se]ected the ring- tone is disconnected and the TV channel is
connected by the CPU which c]oses the appropriate cross po1nt in the TV
switching matrix. At the same time, the start time of v1ew1ng is |
recorded for account1ng or stat1st1ca1 purposes The TV channe] remains
connected as JOng as the presence of the subcarrier signal (DC) of the
channel-selection tone-signal is detected by the CPU Scanning. If a
"#"—tone is detected by the scanning, the channel se]ectton;is‘initiated
from the. beginnjng again. vIt the TV set is turned otf;vthe timing is '
terminated by the CPU because the subcarrier sidna] ténterminated. The
type of_service provided, channel number, finish-time and duration of

viewing are then recorded for accounting or statistical use.



- 15 -

_ The actions'requiredIOf the subscriber.to obtein TV service are
descfibediinithe'floW'chertlshown~in Fig. 5. Uee“of the "foueh-Toﬁet

' chahne} selector is much like thét of the telephone except that the "#"
button must be pushed in place of the‘actioh'of'11ftin§lthe;hahdéset.off
the crad1e. The ‘actions to follow are simt]ar tb thdSerequired in the
normal operetibn,of thevtelephone and no difficﬁ]ty shou]d be experienced
by'the average subscriber. In case of difficulty, the opeFath On-duty

at the central switching office mey intervene manually throﬁgh the CPU,
provided the cohtf01 program is suitably written to detect ma]functions"and

provide information to the operator through the CRT or pr1nter
3. - DESIGN OPTIONS : , _

The switched te1eyision distribution system deeeribed in the
previous section 15 baSed‘oneanFDMscﬁeme where twe TV signa1s are transQ
mitted through subcarrier freeuencies while the audio (telephone, data).
signa]S'ére tfaﬁsmitted'et baseband to the subscriber. Return siQna]s
to the central switching office from the subscriber are trahsmitted by an FDM
scheme where the two Tv‘ehannet-se]ection tone;sighéls afe 1mpoéed on sub- -
carrter.frequeneies énd the audio (te]ephone,idata) signals are tranemitted
at baseband. ‘On1y two fibers, one for transmission to the subécriber‘and
one tor transmission back to the central switching office,'arerequired.
Depending on the_eost and quality of performance, a number'of\mgdifications
in the'configurdtion of the system can be considered. In the following

sections some of the~design options are discussed.

3.1 Spatial Division Mu1t1p1ex1ng

In place of the FDM transm1ss1on scheme, a spat1a1 d1v1s1on

mu]tip]exing_(SDM) scheme where each video signal is transmitted as a’
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Make channel selection by sequentially pushing two -
buttons on the "Touch-Tone" Keyboard. :

/

e

Is

“there a = ™ Yes >
message? .-~ GO TO START o L
' . GO TO START
e N ‘ /, a . " \V\\ /'//__“w )
View 7 Wish N Mo Wish Sy Turn Ty

/f Program _ tochange T to turn TV T 2250 set off. |
k R channels? - ~.set off? . AN R
. : - ‘ ~_ ' ST
O

Fig. 5 FLOW CHART FOR SUBSCRIBER SWITEHING ACTION .

. ' : ‘The steps for channel selection are.identical to those for
- . the telephone system éxcept for the action of pushing the
"#'-button. The action is equivalent to 11ft1ng the tele-

.phone hand set off the cradle.
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bésebapd éfgnai‘can.be considered. ’In such a case, eachiTV chénne1 wi1T
require an 1ndépendent opt%ca] fiber for transmissfon to the subscribér.v
Thus, in addition to tﬂe fiber for return transmissioh-ffom the sub-
scribér, there will be 3 fibers, 1 each‘fbr the 2 TV-chahne1s and:1 

for the audio (telephone, data) Signa]é. - The TV signals will consist

of the. baseband video signal and the 4.5 MHz FM audio sigﬁa1} The audio

fiber_from the:switchingioffice may be exc]udedAif no‘te1eph6ne.or data service

is to be offered. Each of the Fibers will be connected to individual photé—
detectors which provide gigna1s to TV sets and audio.términa1;; Since split-

ters, fi]ters:and demodu]ators wi]1 not be required, the-subscfiber station is
simb]jfiéd somewhaf, excépt for the increase in the anbéf~Qf photodetection units;
The transmiésion cifcuftry'at the centfa1-switch1ng stafion w11]_a]sb

be simplified by the elimination of the modulators and combihersffor

~each subscriber but each fiber will require an individual Tight source

and driver cifcujtky. The réturn signals frbm the quécriber to the
central 5w1tch1ng office are audio signals and are bést tfansmitted as 
FDM signals aS»shOWn jn(the original design because the e1ectronicv
cﬁréuitry is simple and inexpénsive for the fréquenCiés.and bandwidths.
that are involved. | |

A tofa1'of 4 fibers will théreforé be required‘to‘provide simul-
taneous service of 2 TV channels and an audio frequency link. The |
cost increase due fo the extra fibers should be off—setfby simp]ificatiqn

in the»eTectronic-circuitry. In comparison to the FDM scheme, the‘SDMv

scheme will require less transmission bandwidth for each fiber and

be advantageous for ‘transmission over distahces 1onger:than that possible
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in the FDM'scheme Nhether the SDM ‘transmission scheme descr1bed above
is more suitable for pract1ca1 app11cat1ons wilt depend on many factors

such as transm1ss1on d1stance ‘opt1ca1 power 1aunched into the fiber

- and system noise 1eveis Both FDM and SDM designs w111 most 11ke1y be

usefu1 depend1ng on part1cu1ar cases.

3.2 Sw1tch1ng of FDM Signals

The des1gn of the centra1 sw1tch1ng office shown in Fig. 2
has modulators for each TV set in order to prov1de s1gna1s su1ted
for an FDM transmission schemef Since each TV set requiresva
modu]atOr,'e]imination of the modulators would represent.ar |
signiticant savings in cost and simpTification in the e1ectron1c'circuitry.

This can be achieued if the TV switching matrix can provide sufficient:

isolation at the subcarrier frequenc1es, f (13 0 MHz) and fz'(19 0 MHz)..

At present,. commerc1a1 sem1conductor switches that offer the most cost
effect1ve method for video sw1tch1ng have not been tested thorough]y
for app11cat1on at these 1’requenc1es“L '
' If we assume that a sat1sfactory TV sw1tch1ng matr1x 1s“'
avai]ab]e, redes1gn of the centra] sw1tch1ng office. 1s stra1ght forward.
The outputs from the sw1tch1ng system are connected d1rect1y to the -
driver for the 11ght source through the comb1ner For’ each TV channe]

to be.offered to the subscr1ber$ a signal processor that produces 2 TV

s1gna1s at frequenc1es f (13.0 MHz) and fs (19.0 MHz)_from a single TV

s1gna1~source,1s used. The 2 signa1s are then supp]ied-to the TV‘

switching‘system Commercial s1gna1 processors may be used by dividing
the intermediate frequency (IF) output and connecting it to 2 IF-to- Channe1

converters which produce the 2 TV signals at'frequencies’f1'and fz,

+

'The design of TV éwitching natrices are discussed in Appendix . F.

]
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By sh1ft1ng the up conversion of TV s1gnals to the 1nput s1de

of the TV SW1tch1ng matr1x we see that a substant1a1 s1mp11f1cat1on in

the system can be realized. Since on]y a minimum number of s1gna1
‘processors are requ1red h1gh quality un1ts can be used_to prov1de a

good TV s1gna] .without undu]y affect1ng the system cost per subscr1ber

3.3 Power Source

The quest1on of whether e]ectr1ca1 power for the operat1on of

subscr1ber terminals should be supp11ed from the central sw1tch1ng office

~ or be obtained locally from the subscriber' s household arises. Supp1y1ng

power from the'cenfra]~swit¢hing office has the advantage of maintaining

- an audio transmission link even in the event of a power failure in the

subscriber's household. A]so;'pOWer_ for repeater amplifiers, if:

required for long distance transmission in rural areas, will be available.

,In;sueh a powek scheme, a copper-wire pair must be included “in the -

optical-fiber‘cable;

If a cbpber;wire pair is fné]uded in the cabTe‘ the'Same pajr of
w1res can carry audio s1gna1s bidirectionally in add1t1on to the
e]ectr1ca1 power wh1ch 1s the case with the present te]ephone system
This means that the opt1ca1 fiber returning to the central sw1tch1ng
office is not\required and.the system will be simp]ified,.‘Channe1
selection for TVann be_made over the eopper—wire paif in same manher as
previousiy described.eXCept that Tower subcarrier freduehcies
compat1b1e w1th the frequency response of the copper—w1re pa1r

must be used in the FDM scheme
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For the FDM TV transmission scheme on]y a s1ng]e 0pt1ca] -fiber ;
W111 be needed and in the SDM TV transm1ss1on scheme, 2 opt1ca1 f1bers
W111 be needed in add1t1on to the copper~w1re pair. A deta11ed system
.analys1s will be requ1red to clarify the merits of the various systems
However, if a return fiber to the centra] sw1tch1ng off1ce 1s not prov1ded
the poss1b1]1ty of future expans1on to a‘sw1tched.broadband.sery1ce such
as video telephone, will not be:available. B

In view of recent developments in lead-acid sterage batterieST;
the problems associated with power failures in local power sources may
be eliminated. The high energy density and compactness of the new
lbatter1es will make it pcssjb]e te design sﬁbscciber ahd rebeater
equipment thatIWi11'sti11»function horma]]y in the event of a 10caT

"~ power failure.

3.4 Radio Service ’

If radio'service‘is to be provided as_we]],'a‘separaﬁe radio .
swftching matrix can be introduced in additicn to the‘TV switching
matrix. -The transmission mode can be FM on a suitable RF subcarrier
frequency ‘such es'ZOO KHz. The.signa]_may be trensmifted together
with the TV signais as-a component of the -FDM scheme. Receivers wi]]
require a "Tddch¥T0ne“ station selector in place of the usual tuniﬁg-‘A
'dial. The seiectorzon the TV set may be used as the'sfatien selector
as well. Demodulation of the FM signal can be accomp1ished readi]yjby

phase-lock loop. techniques using integrated circuits(8),

See for example, advertisements for the new 1ead—acia batteries
offered by Gates Energ Products, Inc. (e.g. IEEE Spectrum, Vol. 13,
No. 1, January 1976, back cover.), ’ c
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.Rather than provide only a Sing]e radio signaT at’any'giVen time,
ia number of s1gna1s may be prov1ded s1mu1taneous1y by . transm1tt1ng many
FM subcarr1er s1gna1s within a su1tab1e frequency range such as between
,200 kHz-and 1 MHz Demodu]at1on is read11y accomp11shed by phase—]ock
1oop techn1ques and stat10n se]ect1on is poss1b1e by s1mp1e adJustment

(9)

of a var1ab1e resistor Connect1on of the radio s1gnals to “the
- subscriber wi]] sti]]‘re]y on a sw1tch1ng matrix wh1ch 1s;act1vated_

“through a “Touch-Tone"l request signal.

4. SYSTEM COMPONENTS

Optical éommunications technology has deve1opeducomponents'that‘make
the conceptual designs considered here technica]]y‘teasth]e»' The aeSOCiated
electronic components required are of standard commercial qua]1ty and |
no d1ff1cu1ty shou]d be encountered in assemb11ng the requ1red subsystems.

The key components are discussed br1ef1y be]ow

4.1 0pt1ca1 F1ber Waveguide

We expect that s1ng]e'strand fiber wavegu1des w111 be'used as.
the standard in the future because of the Tower cost in compar1son_to ‘
the bundled fiber designawhere'many fibers*are used to form a sing1e‘
l transmission Tine. -The fiber strength is expected to. be such that
breakage due to handling during 1nsta11at1on will not be a prob]em

Losses Tess than T dB/km at 1.1 um wave]ength have'been recorded
in the laboratory and optical fibeh‘cab1es with losses Tess than 15 dB/km.
are.being offered commercia]]y\now. Table 2 TiSts the.Specifications of.

! : .
2 cables while Table 3 Tists specifications for uncabled optical fibers.
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TABLE 2
OPTICAL-FIBER CABLE SPECIFICATIONS

B Spec1f1c?t19ns and test data of the
Corgu1de cable manufactured by"

Corning Glass Works (USA) are Tlisted.

Loss Transmission éost+
Type (dB/km) Bandwidth ($/m)
@ X = 900 nm (km Mb/s) _ ,
graded-index 20 200 13.50 |
graded-index 12 200 - 18.75

..l..

The cost is for a cable containing 6 separate optical fibers.
Future cost, assuming large scale production by cable companies,

is expected to be less than 40¢/m per fiber Wthh is comparable
" to the cost of copper wire pair.
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2 (continued)
o

~~ CORGUIDT CABLES

MECHANICAL TEST DATA.

" Result

107D

Test ‘Conditions
“Pemperature -20°¢ to 80°C No attgﬁuatioﬁ change
Range ) ’ ’ :
Single 180° =22.54 cm " No attenuation change
Bend Radius: - : o
Impact* Hammer Diameter = 2.54 cm :No broken fibers
: : Impact level = .138m-kg - ' -
(fe-10)
200 impacts @ 20°C
100 impacts @ 71°C
100 impacts @ ~54°C_
. Twisting* 180°/20cm twist No broken £ibers
Load = 2.3 kg
1000 cycles
Temperature -54°C to-71°C
Bending* ' % 90° Bend, Load = 2.3 kg’ No broken fibers
Mandrel o ’
Diameter Tenp . - Cycles
2.54cm 200¢ 10,000 -
2.18em 719% 1,000
3.18cm -540C 2,000
Vibration*#* Test condition A, Method .204C No broken fibers
ENVIRONMENTAL TEST DATA
Test Conditions - Result
Tempgrature** ussod to QS?C, 91 Kg load f”No attenﬁation change
Cypllng Test Condition A, Method after test. -No change

in tensile surviv=-
ability. :

Moisture**

90% RH, 91 Kg load, Method .

No attenuation change

. 'Resistance 106 D, Step 7a for cold ‘after test. No change
: subeycle . ’ .in tensile surviv-
ability. :
&£ 23B/km attenuation

Radiation

Cumg ative dose of 2300R
(co sourcg) or 5.6 x 10
neutrons/cm

increase bq}ween 0.3
and 0.9 nm

*Tests carried out in sccordance with MIL~C-13777F
**Tests carried out in accordance with MIL-STD-202E

The attenuation increase is caused by colour centers arising
- from atomic or molecular changes in the glass lattice.

§
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" TABLE 3

+OPTICAL FIBER SPECIFICATIONS

Spec1f1cat1ons for single strand opt1caI—
__f1ber waveguides with protective plastic
coatings manufactured by Bell-Northern :

Research Ltd.

(Canada) are listed.

PLASTIC COATED OPTICAL_FIBERS ~ STEP INDEX

Tentative Specification .BNR 7-1-A

1These fibers are designed for use with high
radiance LED's, lasers and silicon photo-

detectors in medium bandwidth, single fiber
channel optical communication systems.
fibers consist of a doped silica core
surrounded by a doped silica cladding of
. A plastic jacket

Tower refractive index.

cladding

“The

is extruded onto the silica fiber to provide

a non-fragile structure.

The plastic coated

plastic Jacket

refract1ve 1ndex

_{fiber may be used directly in a benign proﬁ]e 3 t
‘fenvironment. Alternatively, it is suitable . T T
for- incorporation into multi-channel rugged- _ ‘
ized cable formats. The fibers are designed 20
to be compatible with high radiance LED's attenuation
BNR 40-3-10-2, BNR 40-3-15-2, BNR 40-3-30-2, dB/km
single optical fiber splices BNR S-10, single -
fiber bulkhead connectors BNR. C-10 and small 10 & .
area silicon p-i-n photodetectors BNR D-5-1. . 700 500 000
. s o - Nave]ength nm)
TYPICAL FIBER CHARACTERISTICS - : _ :
‘ = Nominal Tolerance = Unit Test Condition
_ ‘ Value Maximum ' e
{Numerical Aperture (NA) 0.20 + 0.01 Fully filled NA;
' : 5 meter length;
5% power points in
, _ o ’ _far field pattern.
Attenuation (A = 840 nm) 15 dB/ km ~ Fully filled NA.
Bandwidth o 20 MHz-km '
Core Outside Diameter (0D) 100 + 7 um
Cladding OD ' 150 + 7 um
Plastic Jacket OD 0.6 + 0.05 mm _
Tensile Strength 60 + 10 Newtons 60 cm test section’
A - (kg m/sec?) -
Bend1ng Rad1us I 3 mm "
Length _015 km

Quotations on fibers having- 10nger lengths or characteristics other than those
specified may be obta1ned on request : oo
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“TABLE 3 (contfnued)

PLASTIC COATED OPTICAL FIBERS

Tentative:Specif%cation"

BNR 7-2-A

- GRADED INDEX

These fibers are designed for
-|radiance LED's, lasers and sil
detectors in large bandwidth,
channel optical communication
fibers consist of a doped sil
a graded refractive index, su
pure silica cladding. A plas
extruded onto the silica fibe
a non-fragile structure. The
coated fiber may be used dire
benign environment.
suitable for incorporation in

Alternatively, it is -

use with high
icon photo-
single fiber .
systems. The
ica core with
rrounded by a
tic jacket is
r to provide
plastic

ctly in a

to multi-

channel ruggedized cable formats. The

plastic: Jacket
cladding

refractive index’ - :
* oprofile "

: 20
fibers are designed to be compatible with
| high radiance LED's BNR 40-3-10-2, Attenuation
BNR 40-3-15-2, BNR 40-3-30-2, single dB/km
optical f1ber‘sp11ces BNR S-10, single S _
fiber bulkhead connectors BNR C-10 and 10 L ) B _
;m31$ grea s111c0n p-i-n photodetectors 700:um£?gmth?ggj 1000
TYPICAL FIBER CHARACTERISTICS : . S
Nominal Tolerance Unit. -Test Condition"
: Value Maximum _ _

Numerical Aperture (NA) .0.22 + * 0.01 Fully filled NA;

. ‘ _ 5 meter Tength;

- 5% power points .in

_ o far field pattern
Attenuation (A = 840‘nm) 15 "dB/km - Fully filled NA
Bandwidth 100 MHz-km . -
Core Outside Diameter (0D) 100 iMZ ’ um
Cladding 0D | 150 + 7 um
Plastic Jacket 0D 0.6 + 0.05 mm _
Tensile Strength 60 + 10  Newtons . : 60 cm test section|

: ‘ : (kg m/sec?) ‘

Bending Radius mm
Length 0.5 km

Quotations on fibers having Tonger lengths or character1st1cs other than those
specified may be’ obtained on request
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By the ear1y'19805,'we éan expeet typical 0pt1ca1 eab1efjoeses to be at

E approximate]y 4 dB/km while 2 dB/km cables may be availab]e»as'"preminmf

*cables. If -3 dBm (0.5 mw) of optical power is 1anncnedpinto a 2 dB/km

lToss fiber, for three TV channe]s in an‘FDM"scheme,‘theoretipa1'ca1cu1ationé
show that a d1stance of more Lhan 10 km can. be spanned w1thout a repeater
and 1f three repeaters are-used, more than 30 km can be covered Such

spans will be significant for application to rural cab%e television

systems. Table 4 lists additional theoretica] ca1cuTations for the

transm1ss1on of 3 TV channels over a 2 dB/km Toss f1ber(10) Similar1y3'

: Tab]e 5 Tists theoret1cai ca1cu1at1ons for transm1ss1on of baseband TV

]]). Approximate distances for the

signals over a 2 dB/km loss f1ber(
case of a 4 dB/kmf 1oss,F1ber can be obtained by dividing the values in

the_tWO'tab1es_by.2.

4.2 Optical-Fiber Couplers

~ Table 6 shows specificationS'for optical fiber cOupiers and

splices that are commerc1a11y available now. Typ1ca1 1nsert1on losses

“can be Tower than 0.5 dB. Some other firms are offering d1fferent des1gn5-

12),(13)

in optical fiber'coup]ers( and we can expect the designs to

become‘standardized in the future..

4.3 Light'Sources

For ana]ogne IM optical transmiesion systems,fa Tignt sonrce
with Tlinear response (drive cUrrent vs. 1ight output power) characteristics
is required. Otherwise, intermodu1at10n-distortion ndise»w111 severely .
degrade fheitransmitted yideo'signa1. ‘Ne have determined that a light

emitting diode'(LED) manufactured by Bell-Northern Research Ltd. “(BNR)

“has sufficient linearity to use in an: FDM ana]ogue transm1ss1on system(]4)

similar to those discussed here.




. - | ‘

TABLE 4

OPTICAL ANALOGUE TRANSMISSION OF 3 TV CHANNELS USING AN FDM SCHEME -

Distances are Tisted as a function of the
number of repeaters. The use of an APD with
R, = 10 k@ and a coupler loss of 0.5 dB/
cBup]er-(Z couplers/repeater) is assumed.

Total bower ' A A ' . o
S 0 dBm » -3 dBm I -5 dBm
Jaunched Into | (7 ) o (0.50 m) | RGN
Optical Fiber | 2 dp/kn . 2 dB/km - . 2 dB/kn
0SS% : ‘ o
Number of Separation | Tot51‘ I Separation"_ Total Il Separation | Total
repeaters Distance Distance " Distance | Distance Distance Distance
' (km) (km) (km) ' (km) (km) (km) !
y : — _ A
0 11.8 1.8 | 103 | 10.3 9.35 9.3 !
1 10.6 21.2 9.10 | 18.2 8.10 S 16.2
2 9.85 .| 29.6 8.35 | 25.1 7.35 22,7
3 9.35- |- 37.4 7.85 31.4 6.85 - | 27.4
4. 8.90 445 7.40, 37.0 6.40. | 32.0
5 8.60 | 5.6 | 7.0 | 426 6.10 | 36.6
6 8.35 - | 58.5 6.85 - 48.0 5.85 |~ 41.0
7 8.0 | 64.8 © 6.60 . 52.8 5.60 - 44,8
8 7.85 | 70.7 6.35 | 57.2 5.35 . 0| 48.2
9 7.65 76.5 6.15 61.5 5.15 51.5
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"TABLE 5

OPTICAL ANALOGUE TRANSMISSION OF BASEBAND VIDEO SIGNALS

Distances are listed as a function of the

number of repeaters.

-with R, = 100 k@ and a coupler Toss of

The use of an APD

0.5 dBykm coupler (2 couplers/repeater) is assumed.
Power launched | 0 dBm | -3 dBm. -5 dBm
.1ntolf1ber K (1 mW) (0.50 mW) (0.32 m)-
Optical Tiber 2 dB/km - ,'2'dB/kh. 2 dB/km .
loss’ ' : _ , R
Number of Separation Total Separation Total * Separation Total
Repeaters Distance Distance - . Distance Distance Distance Distance
. (km) (km) - (km) (km) (km) (km)-
0 166 | 6.6 15.1 15.1 14.1 14.1
1 15.3 30.6 13.8 27.6 12.8 25.6
2 14.6 143.8 . 13.1. 39.3 . 12.1 36.3-
3 14.1 56.4 12.6 50.4 11.6 46.4
4 13.7 58.5 - 1e2.2 61.0 11.2 56.0
5 13.3 79.8 1.8 o 70.8. 10.8 64.8
6 13.1 51,7 1.6 81.2 10.6 74,2
7 12.8 192, 1.3 90.4 10.3 82.4
8 12.5 13, 1.1 99.9 - 10.1 90.9
9 | 12.5 125, B B 110. 10.0 100.
i ' P ' ’

;82.—
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_ TABLE 6
SPECIFICATIONS FOR AN OPTICA- FIBER SPLICE AND COUPLER
Spec1f1cat1ons for an opt1ca1 fiber splice |

-and coupler manufactured by Bell Northern
Research Ltd. (Canada) are 11sted

SINGLE OPTICAL FIBER SPLICE
Tentative Specification - BNR S-10

The splicing element is used to make a permanent, high lSPLICING ELEMENT
efficiency fiber-to-fiber connection on individual, o
plastic-coated, multimode fibers. The splicing element ~ Dia. = 1.5 X

which is formed from stainless steel tubing, is approx-. Fiber Plastic
imately 2.5 cm in length. The diameter of the completed . . Diameter > Som
splice is slightly larger than the diameter of the L
plastic-coated fiber (typically, 1.5 mm for a f1ber S /////
with a plastic jacket diameter of 0.9 mm). : . S ol
For high eff1c1ency the splicing element is pref111ed ‘,- ]
|with an index matching fluid. ~ PREPARED FLBER END
INSTALLATION |

Fiber Plastic Diameter
Prior to insertion in the splicing element, the plast1c '
coating is removed from the fiber ends. ‘Each end is
{then prepared to have a smooth, flat, end surface which
is perpendicular to the fiber axis.

The prepared fiber ends are inserted in the splicing element and butted end-to-end
in the preformed center section. The ends of the splicing element are then cr1mped
into the fiber's plastic coating, to make a permanent connect1on :

Laboratory tooling and techn1qLes are ava1]ab1e at BNR for preparing the fiber
ends, to insert the fibers 1n the sp11c1ng element -and to cr1mp the splicing
e1ement onto the f1ber

PERFORMANCE N A : :
Fiber Parameters . . Index Matching Fluid = Typical Efficiency’
Core Diameter N.A. . =~ . _ . : ' (Insertion Loss) -
125 ym 0.64 Dow Corning 710 © . 93% (0.3 dB)
100 pm 0.20 . Dow Corning 710 _ ‘85% (0.7 dB).

Sp11c1ng elements can be made to accommodate the following typ1ca1 f1ber geometr1e5'

Plastic Coating D1ameter . 0.5 mm to 1.5 mm
Bare Fiber Diameter 100 um to 175 um
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 TABLE 6 (continued)'

‘tinternal parts are-made of stainless steel.

A SINGLE-FIBER BULKHEAD CONNECTOR
Tentative Specification  BNR C-10

The single-fiber bulkhead connector is designed to . .= -
be used with plastic-coated, multimode fibers. It L 0.5 cm dia.
is installed in optical fiber Tinks wherever there ‘ N
is a need to make and break the fiber continuity
quickly and reliably. The connector housing and

4’ .
o

~z—=2, 6  cm-—3

Canet B

For high eff1c1ency, the connector is pref111ed with
an index matching f1u1d

INSTALLATION

Prior to insertion in the connector, the plastic coating is removed from the
fiber ends. Each end 1is then prepared to have a smooth, f1at, end surface
}Nh1ch is perpend1cu1ar to the fiber axis.

The connector halves are mounted separate]y on an 1nsta11at1on fixture. The
prepared fibers are inserted into the connector halves until they butt against
stops in the installation fixture. The stops control the end-to-end positioning
of the fibers and énsure that the connectors are 1nterchangeab1e The ends of .
the ‘connector halves are then. cr1mped into the f1ber s plastic coating producing
a permanent attachment. '

Laboratory tocling and techn1ques are available at BNR to prepare the fiber .
ends and to install the f1bers in the connector

PERFORMANCE o ‘ o E

Fiber Parameters. - Index Matching Fluid Typical Efficiency
{Core Diameter N.A. : . : (Insertion. Loss)
{126um - - 0.64 - - Dow Corning 710 . 90% (0.5 dB)

125 um 0.64 None 77% (1.1 dB)

100 ym - 0.20 Dow Corning 710 ‘ . 81% (0.9 dB)

100 pm 0.20 None : ’ ~ 70% (1.5 dB)

Connectors can be made to accommodate the fo11ow1ng typical f1ber geometr1es

Plastic Coating Diameter 0.5 mm to 1.5 mm

Bare Fiber D1ameter _ 100 um to 175 um

The design concept for the s1ng]e fiber connector is read11y adaptab]e to multi-
fiber connectors suitable for the simultaneous and 1ndependent connectlon of the
Tibers in a mu1t1f1ber cab]e :
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A]though the opt1ca] output power 1aunched by the LED 1nto a typ1ca1 ‘optical
.f1ber is less than -5 dBm (0.35 uW), we expect that -3 dBm (0 5 uW) can be |
achieved w1th'11tt1e troub]e in the future. In many app11cat1ons, -3 dBm
fs sufficient powen; but 0 dBm (1 mw) or higher Tevels w111,certa1n1y in-
credse the_repeaten-Tess\transmisston distance. Edgefemftten type'LEDs may
achieve thfsc]eye]*énd our preTiminary investigatfon ot}Cw double hetero—
structure semiconductor laser diodes indfcate that laser diodes may have -

sufficient Tinearity if the osciljation modes can be controlled ‘suitabhﬂwr

~ We can expect Taser diodes to Tlaunch in excess of several milliwatts into

typica]’fibers. ‘ ‘

A necent reportbindicates that thedefficiency”ot}tEDs_can,be-improped
by an order of magnitude~through the use of a‘specific’manufactUPing process
to contro] the d1str1but1on of point- ~defects (vacancy and,interstttial) ,
(15). If the technique proves_effectﬁve;fnote than 0 dBm can

be Taunched into a fiber from an LED. It remains to be'seen what influences

' the 1mproved eff1c1ency has on the 11near1ty of the LED

The cost of LEDs and 1aser d1odes ‘suitable for opt1ca1 ‘communications
at present range~from $200 to over $1000 each. These costs are expected to
be reduced by more than an order of magn1tude once mass product1on 1s ‘started.

4.4 Photodetectors

~ ' Photodetectors are perhaps the most deve]oped among the opto-
e1ectron1c components for opt1ca1 commun1cat1ons ‘ There 1s ‘a w1de cho1ce’

of commercial- products and some typ1ca1 examp1es are 11sted in Tab]e 7.

‘Current costs are also listed in the table. The cost of APDs.are expected

to become comparable to PIN diodes if, mass production s started. Some
manufacturers such as Bell-Northern Research Ltd. supply diodes with an

optical-fiber permanently attached for direct connection to a fiber

‘ transmission Tline. The Tinearity of response (opt1ca1 1nput power vs

T
] Laser Dlode Laboratorles Inc is offerlng an edge—emlttlng LED that prov1des 1.5 mi output power
at 100 mA drive current (Laser Focus, December. 1976, pp. 44~ -45) .

++

Oscillation modes can be controlled by confining the lasing volume to a small 51ze_(e.g. 1 um x
1 Um cross-section) by using a distributed feedback structure Both approaches have been
successfully employed in laboratory dev1ces C : '



TABLE 7

SILICON PHOTODETECTOR CHARACTERISTICS .

(PIN Diode)

oL Spectra1 Bias . ey .| Rise Dark - NEP <Approximate
_Type. Peak Voltage Resposivity | Capacitance . Time Current o : Cost
(nm) (v) (MA/wd) -~ - | (pF) (ns) | (nA) | (w//HZ) $

RCA C 30817 | 910 335 80 - ‘2 2 | 100 10714 200 -
(APD) o ‘ '

EMI S 30500 | ~880 166 37 5.5 0.5 0.1 | wx107® | 200
(APD) | ' R

"RCA C 30808 910 45 0.65 6 5 30 2x10713 15
(PIN.Diode) S ) :

UDT PIN-5D 850 50 0.40 7 15 100 | sx1071% 20
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electrical output power) has been found to be exce]]ent for some commerc1a1
o samp]es<]6) in comparison to the Tinearity of LEDs. L1tt]e probTem there-

fore is expected from photodiodes.

4.5 Sw1tch1ng Systems

" There are a number of . computer contro]]ed sw1tch1ng systems for
telephone exohanges. The.“Touch-Tone“ sw1toh1ng matrix. shown in F1g.»3 _
can be constructed by:usﬁng commercial diode switches_sdch as AM]OOZ
manufactdred by National Semiconductor Corp A(NS) (USA) ) Pr1vate branch
exohanges (PBX) ‘using microprocessors and a]] solid- state construct1on
areaVai1ab1enfrom_compan1es such as Mitel Ltd (Ottawa) and Northern- .
Telecomm (Montreal). The sw1tch1ng matrix of such PBXs can be adapted
for use in the II'Tou.ch Tone" sw1tch1ng matrix. The CPU or m1croprocessor. :
Vunits.(MPU) used in these PBXs can also be adapted or. expanded to be |
used in the system described in Fig. 3. _

For the TV sw1tch1ng matrix, no commercial product is -available

at the moment. However, solid state switches such as the AM1002 wmight .
~ be used to-construct a'CPU controlled smitching matrjx; KThe specifications
Afor AMlOOZs‘(NS) are shown in Table 8. The isolation at 5 MHz is said
(17) h

to be approximate]y 60.dB . A problem with video_switohes is the

reqoirement of high’iso]ation in order to_prevent 1eakage_of TV channels
through the switoh. ‘ f », | _ | |

:According to design"objectives set by Nippon-Tetegraph‘and. . _
Telephone (NTT);Pub]tc Corporation of Japan, an isolation of 71 db at 4 Miz is
demanded for baseband videp'switching. The eventua1'1ntended application
by NTT of‘such.switches is to a fu]Ty switched video- telephone network |
Laboratory dev1ces have achieved isolation of 65 dB and the target of ~

71 dB is considered practical by NTT(]8).

For the type of one-way
Ad1str1but1on of TV signal d1scussed in th1s memorandum, isolation of 71 dB

may not be requ1red and the 60 dB 1so]at1on offered by AM}OOO may- be suff1C1ent
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- TABLE 8

SPECIFICATIONS OF AN ANALOGUE SWITCH

Spec1f1cat1ons of the sem1conductor ana]ogue
switches AM1000, AM1001 and AM1002 manu-

factured by Nat1ona] Sem1conductor Corp

‘are 11sted

(USA)

AM1000,AM1001,AM1002 silicon N-channel

high speed analog switch

general description

The AM1000 series are junction FET integrated cir-
cuit analog switches. These devices commutate
faster and with less voltage spiking than any other
analog switch presently available, By comparison,

distrete JFET switchus require elaborate drive cir-

cuits to obtain reasonable performance for high -

. togyle rates. Encapsutated in a four pin TO-72
package, these units require a minimum of circuit
board area. Switching lrans‘ients are greatly reduced
by a monolithic inteqrated circuil process. The
msullindunalug switeh device provicdes 1he foliow-
gy featuden:

3

a Low ON Resslanee, ’ ‘ 3082
o High Analog Signal Frequency 100 MHz

= High Toggle Rate . * T4MHz

® | ow Leakage Current . ) ZSOpA
8 Large Analog Signal Swing . +15V

® Break Before Make Action

The AM1000 series ‘of analog switches are particu-
larly suituble for the following applications:

High Speed Commutators

Multiplexers

Sample and Hold Cie ulls .

Reset Switching )
- Video Switehing

schematlc and connection diagram

T0.72 P'n:kage

1orviw

Order Numbar AM1000H
or AM1001H or AM1002H
Soe Package 9A

typical applications

-+ 10 Volt Swing Analog Switch 0.5% Accuracy

T )

: g | anaios
waiog | cutrey

LIZ=a
e

oy
[
iy

lovus e _ )

m e

equivalent circuit
i o——oyee——o it

voavl
ULy iR
6tags wLQuuN b €00k KIuvIntD
102 OKIvERS .

wEAPSLL g .
eaeuy

116 Velt Swing Analog Switch

s I
annvg ' anaioe
i ¢—o-—rro—Q I

Cunnty
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"TABLE 8 (continued)

absolute maximum ratings

AM 1000 Pawer Disspratin & 1, 24°C 00w
AMIOO1 AM 002 Lanvar Deratimy Facin . ) 7 mWC
Vi INute 1) v a0V Power Dissipation © T - 1267°C | 150 W
Vaur INote 1) N VROV +40V Line;*xr Dempm_] Factor 6 leoc
Vomye Note 1) 50V ~40V Junction O ¥ ~55°C 10+ 150°C
Vinas INote ) VOV 40V Storage Temperature N '200aC
Lead Temperature {Soldering, 10 sec) - +300°C
electrical characteristics
ON CHARACTERISTICS {Note 2)
PARAMETER CONDITION MIN TYP MAX UNITS
Ao Vo 1BV, Viag <15V AMI00) 20 40 50 1
Ly VA, Vo, OV -
Riw Vonwve 110V, Vyag - =10V AM1000 20 25 30 Q
’ L 1A Vgt OV AM1002 - 20 50 100 Q2
OF F CHAHACTERISTICS
C - AM1000 AmIo02 .
PARAMETER CONDITION AM1001 UNITS
. MIN | Tve | max min | Tye | max: L
tour e Vibmve 20V, Vgiay =10V ’ :
Vin 10V, Vpps tIOV
. 1a w2b°C [ 25 05 1 nA
T VI257°C 025 { 25 0z 1 HA
laurioeer” Vorive -20V, Vgas * -10V
Vi - 110V, Vgyy = - 10V . .
Ta - 125°C 05 25 05 1 nA
Ta +125°C .05 25 0?2 1 TLHA
S IIVE CHANAGTERISIGS (Nt 1}
PARAMLILR CONDITION MIN TYP MAX UNITS
Womve Vvt 20V. Vygag -10V AMIQO00, 1001, 1002 5 B nA
{Switch OFF) Vi 110V, Vgt : 110V .
SWITCHING CHARACTERISTICS
AM1000 AM1001 - AM1002 -
ARAMETER tTioN . . L
P COND ' MAX MAX MAK UNITS
tow See Swatching Time " 00 150 200 .
tork Test Circunt 100 100 . 100 ns

Nots 1 The inaximumm voMage ranngs may be apuited between any pin O par simultancously. Powee
isapanion may be exceeded in some modes if the voliage pulse exceeds 10 ms Normat opetation widt
NOt Cduse exCEIIIVE pOWEr disuPatign even b g D € pwitching apphication,

Nota 2 AN parataeteny are eavored with extenral sdicon diod

tor prapy dilitle placement

r&Su slectrical Lonaection diagram

Note3 ! ygias ISwitth OFF) s mpual to | yrive (switeh OFF) 1iglas) (Swiich ON), 11 equat
] DRIVE 191As)

10 exfeinal thode teakage

Nota 4. Rue and talt times of Voggvi shatl be 15 ny masimum for switching time testong

switching time test circuit and waveforms

"ay
Vomve I I I w

Vour

L]
v,
el o Vot
h
H .
' .
. R
‘
i v
H H !
: ¢
Yorva, “ N
N 1
H
1
H
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Aside from thevpkob1em of siéna] isolation fn'the so]id'state
switch, another equally serious problem is the isoiaffdnfbetwéen_the
lead wires connecting the TV'signals to the switch..~Eyeh if the switch
itse]f offers suffjéieht isolation, depending on the:1éyout of the
circuit, 1eakagé Tevels strong endugh to degrade a TV,siQna] can
occur. The prgb]em is more serious for printéd_ciréuit_ﬁoards where
the compact Tayout of Teads to the switches provides aﬁp]é opportunity
for coupling between leads. If subcarrier frequencies are to be.switched,
the iso]ation:by the solid state switch will degrade afAthe highef
frequencies and éoupiing”between the Teads will also increase. Further

development work is required in the area of the TV,switéhing matrix.
Switching in the optical domain, rather than in the RF domain. can be con-

sidered. For example, electro-mechanical switching by moving optical
waveguides has the potential to provide perfect isblation.

4.6 Electronic Circuitry.

Much of ﬁhe electronic circuitry for optical com@uniéations‘is
under deve]opmeht at various laboratories. Some conceptual circuits
as well as practical circuits have already been publishéd(]g). Appendices
A, B, C, D,E and F containa collection of‘typiqa] ciftuit cohfigurations
that may be modified to fit most requirements described.in this
memorandum. Further develbpment work 1is required 1n.this area to bring -

the circuitry to a commercially useful stage. -

‘5. DISCUSSION - |

In view of the distances that can bé covered by Tow-Tloss optjca]é
_ fiber transmission systems, a centrally switched.opﬁ{caT television |
distribution system may well be attractive for app]iéatipn nbt‘only tq
urban areas, buf also to rural areas. Different gra&éé‘of'fiberé can“be'.

used appropriately for short urban lines and extended rural lines.
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When reduired rebeater ahp1ifiers can be used in the eraT Tines. By
1ntegrat1ng the te1ephone system into the distribution system, some
advantage in economics may be gained as well. ' Such an 1ntegrat1on w111
require extensive reorgan1zat1on of the Canadian commun1cat1ons structure.
| The interconnection of central sw1tch1ng offices can also be

performed by optical fibers. Depending on the transmisSion“distance, .
digital transmiésion modes may need to be employed. if a video~bandwidth .
switching matrix wjth sufficient 1so1at10n is deve]oped d switched
broadband (video-telephane) network can be estab1lshed

The optical communications technology today has deve1oped to a
Tevel where it cah»supp]y compqnents for the constrUctjon of an
experimental system to investigate the bptimum networkAaﬁd circuit
configurationé. An experimental trial in the 1aboratory mbst Tikely .
will be required firsf to assess the perfo?mance bf variou§ syétem
compongnts. A field trial involving 100 subscribers of S0 c§u1d then
determine.whetherAexpectations based on 1aboratdry ekpériments can be
rea]izéd. ‘ | |

The cost’bf experimental systems will necessar11y‘be high for
the_tria1s beéauSe many components are still under devé16pment and no
industrial standards have been established. Howevef; fTer trials should

clarify the‘cost,bf future commercial systems.
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~ APPENDIX A .
DRIVER CIRCUITS FOR SEMICONDUCTOR LIGHT SOURCES

Figure A-1 ehows the circuff used in the analogue vfdee trausmitterC
manufactured by Bell- Northern Research Ltd. VSpecificatione of a wideband
optical 11nk using the unit are listed 1n Table A-1. Visud11y satisfactory
baseband signals haye been transmitted over a fiber usihg'the unit. |

‘Figure A-2 shows a circuit simﬁ1ar fo that of fheiBNk unit. The

design has been in use at the Communications Research Ceﬁtre’as part of a

demonstrator optical video Tink for many years+.

The 1ighf source 15 a
single heterostructure laser diode excited below lasing threSho]d,» In
effect, the diode is being used as an edge-emitting LED. | BecauSe of the
small size of the d1ode, in compar1son to standard LEDs for display purposes,
coupling into a bundle of f1bers was found to be exce]]ent Visually

sat1sfacnory baseband video signals are transmitted by th1s des1gn

Convent1ona1 RF power amp11f1ers may a]so be used to drive semi -
conductor light sources, Figure A-3 shows a circuit used to transmit simul-
taneously 2 TV.channeIS»usingAan FDM scheme(zo). Frequency allocations
for the subcarriers were 25 MHz and 31 MHi. IntegratediCircuit power
amplifiers with Q-frequency range from DC.-to 6 MHz may.aTso be used in a
similar circuit to transmit baseband video channels. | o
The Tinearity of the 1ight-source currenf versus obtica] output
~power may be a 1im1t1ng.factor in the performance of a ‘FDM videu trans-
missioh‘syetem. Figure A-4 shows an example using-negdtive feedback to
improve the Tinearity. A matched pair of LEDS is required in this
design. By usihg aAmatched_pair, the thicaf output'pouer from the

transmitting LED need not be sacrificed to provide the feedback signal.

.k.

Designer of the circuit is H. Claire Frayn.
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However, the optimum degree of improvement achiévabTe wiiT be degraded
if the 2 LED§ are hotIWell matched-in_terms of‘CurrenfiVEréus dptica1
output power. If a laser diode is used as the Tight sourée, the optical’
output from the rear edge of the 1aser chip may be coupled directiy‘to
the APD and a matched pair will not be requ1red

The stability of the feedback Toop will depend on the 100p ga1n
and degree of phase shift within the loop. If difficulty 1s-enc0untered
other types of 1ntegféted‘circu1t~(IC) Qidéo amplifiers such as SN52733
and SN5510 manufactured by Texas Instruments Inc. shou]d;be considered.

Detailed éva]uations'bf the circuité‘disqussed here have not been

performed yet.

Sz

‘ '»‘Zk %
| 1
) nmrggk ' '

Y |

video (baseband) 200 - 2N5109 A o :
> ’*——-’[U ' B - U
. . P 0 }i e — <.“ ___....,_..._.._‘ . N . N .
227 ' '.§27
mn o

Fig. A~1 CIRCUIT FOR THE ANALOGUE OPTICAL VIDEO TRAVSMITTER MANUFACTURED
: BY BELL- NORTHERN RESEARCH LTD.

Two trans1stors are connected in parallel to- pr0v1de sufficient
drive current through the LED.
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Fig. A-2 ANALOGUE OPTICAL VIDEO TRANSMITTER CIRCUIT IN USE AT CRC

A single heterostructure laser diode (RCA SG2005) is excited
below threshold.

v - ENISOOL D ,
(subcarmer i 47 200 100 mA

-~~—>—~L// WY i A

jf LED .
i \

Fig. A-3 FDM.ANALOGUE OPTICAL VIDEO TRANSMISSION EXPERIMENT

A commercial RF amplifier is used to modulate the LED with
the subcarrier frequencies. The amplifier has 20 dB voltage
gain with 50  input and output impedances. A maximum of
250 mW can be delivered with a frequency response of 5 MHz
to 250 MHz.
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_ TABLE A-1
ANALOGUE OPTICAL VIDEO LINK
Spec1f1cat1ons of a wideband ana1ogue opt1ca1

Tink manufactured by Bell-Northern Research Ltd.
(Canada) are. 11sted o

7 JE)’L cal Performance

These single- f1ber/channe1 0pt1ca1 links are suitable. for the construct1on of high
performance analog transmission facilities. The links eliminate ground loop pro-

blems, crosstalk, EMI, Tine surge produced circuit fa11ures, reduce s1gna1 d1stor—,
tion and allow 1ong transmission path 1engths . '

The optical interconnection is via single- fiber bulkhead connectors; BNR C- 10 For
the transmission medium any connector-compatible, plastic-coated multimode fiber,
such as BNR 7-1-A step-index fiber or BNR 7-2-A graded- index fiber, can be used.

N.B. Systems based on these components to provide: sw1tched multiplexed or “inte-
grated service transmission of studio quality video, high speed data and high
fidelity voice can be designed to meet specific requirements:

Link Performance : -

Bandwidth (3 dB) . 10 HZ - 20 MHz

Optical Gain - 25 dB max :

S/N ratio (4.5 MHz bandwidth) 55 dB @ 25 dB optical 1oss |

Distortion (Baseband video) - 0.1 dB diff. gain, O. 1 d1ff phase (@ max. optical

- _ : gain)
Transmitter Characteristics
Input Impedance o f. 75 Q
Maximum Input - 1.V RMS
Optical Output . Adjustable o o
Power Supply Requirement © + 12V DC @ 200 mA‘(1n£erna11yldecoup1ed)
Electrical Input Connector - BNC or SMA ‘ -
|Optical Input Connector Single-Fiber Bulkhead Connector, BNR C 10
Receiver Characterfstics ;
Output Impedance - - - 50
Gain I Adjustable g
Power Supply Requ1rements + 12V DC 6100 mA.(interha]iy découp]ed)
Dimensions . 5 cm x 5cm x 2cm o

E]ectrica1 Oufput Connector. BNC or SMA A - |
Opticel Input Connector Sing]e-Fiber'Bu]khead Connector, BNR'Cg10 -




- 45 -

. APPENDIX B »
'CONCEPTUAL DESIGN OF A PHOTODETECTOR CIRCUIT
Figure B-1 éhows a circuit design that may be'qsed for a‘phgto—
detector. A voTtageAfo110wer with high input impedanCe-d11oWs the use
"of a high»1oad resistor (RL) without a reduction in frequency response

because the input becomes a virtual ground due to the;feedback~through

ratio and provides a larger output Vo]tage(Z]);

the Toad resistor. A high Tload resistor improves the signal to noise

The firsf integrated circuit (IC) is an impedanée‘tfansformer;
Input’ impedance of the,LH}OOSSCG (National Semiconductor Corp:) is well
in excess of 10 MQ wh11e.the output jmpedance is less than 50 Q. A.
relatively high-voltage isvrequired for the PIN;phofédiddé in order to
assure a linear operation. The CA3040 (RCA) has a gaih of approximately |
30 dB. Experimenta]iwork'is needed to aésure'that the phaée shift within
the feedback 106p is nbt‘excessive so as to make theic1kCu1t unstable.
An ava]anche photodiode (APD) such as C 30817 (RCA) mayfbe-used fn place’
of the HP 5082—4205.(Hew]ett-Péckard)~PIN photodiode. - An APD will provide

higher gain and a slightly better signal to noise.ratio(zz)u
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Costs (duty and tax excluded,

small quantity prices)

HP 5082-4205 $22.99

LH 0033CG
CA 3040

$23.45
$5.70

At preSént operational amplifiers with;high.input impedance
(v1MQ) and amplification bandwidth extending beyond 30 MHz

are not commercially available.

is therefore used in the 1nput_circuitry.

A hybrid IC voltage follower
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'MODULATOR AND DEMODULATOR CIRCUITS FOR TRANSMISSION -
':OF“TV-CHANNELeSELECTION TONE-STGNALS -

_‘47,;\
" APPENDIX C

F1gure C 1 shows an FM c1rcu1t for the tone s1gna1s used for TV .

channel se1ect10n The subcarr1er frequency can be chosen su1tab1y by

tak1ng 1nto cons1derat1on the 1ntermodu1at1on no1se that may be produced

by two such c1rcu1ts Figure C—2 shows the demodu]ator c1rcu1t based on -

a phase- Iocked loop des1gn (PLL)

Other PLL IC dev1ces such as XR 215 by

Exar Integrated Systems of R Ohm Corp. may a]so be used to demodu]ate

 Pulsed FM

1 [

" the signal.
+15v
. S |
0.001 §4k_
___._“ . R ;
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Fig. C-1 PULSED FM CIRCUIT FOR TRANSMISSION OF TV CHANNEL SELECTION

TONE- SIGNALS

A vo]tage controlled osc111ator (VCO) NE 566V by Signetics.

Corp. is used to produce the pu]sed FM s1gna1
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DEMODULATOR CIRCUIT FOR PULSED FM- SIGNALS

A phase lock Toop IC unit NE 565A by S1gnet1cs Corp

> Tone Signal

is used

to demodulate the .pulsed FM signal and reproduce the TV
channe1 -selection tone-signals.
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APPENDIX D -

- CONCEPTUAL DESIGN OF A MODULATION CIRCUIT :.
‘ FOR FDM TV TRANSMISSION

Figure D;1-shOWSia'cOnCeptua1 design 6fCa modulét{oﬁ.cfrcuit for
FDM_TV_tranémission. The subcarrier frequéncy (13 MH2:6F‘1§ MHz) is
provided by a common source through a voitage follower LMOO33CG hanu-
factured by National Semiconductor Corp. The fo]loWer.ha§ a Tow output
imbed@nce (6 @) and a higﬁ output current (250 mA), and is capable of
supp]yihg a sfgnai to. a large number of current ampiifferé.suth as
the LMOOOZC manufactured by National. Sem1conductor Corp

Modu]at1on of the subcarrier is performed- by a doub]e ba]anced
mikér. The subcarr1er frequency,and TV signal (baseband video and
4.5 MHz FM audﬁb).ére.mixéd and the products are filtered by"the‘vestigial
sideband fi1térvto_produce7an NTSC TV signal. Experimenté] wofk wi}l
be needed.to détermﬁne whethgr~Broadcast Procedure 23 (EP—23)istaﬁdard$

can be met by thé ciréujt.
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Fig. D-1 MODULATION CIRCUIT FOR FDM TV. TPANSMISSION

A doub1e balanced modulator is used to mix the subcarrier frequency
-and the TV signal. (baseband video and 4.5 MHz FM audio).
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- APPENDIX E

CONCEPTUAL DESIGN OF ‘A COHERENT DEMODULATOR’
FOR A TV SIGNAL ON A SUBCARRIER FREQUENCY

Figure E-1 shows a concehtﬂa1 design Qf aidemodﬁlé£0rv¢ircuft for
obtaining a TV signal (baséband vided.ahd 4.5 MHz FM audio)'from the
subcarrier fréduenéies.(iSAMHi of 19_MHE). A phaée Tock loop (PLL)
XR-215 ménufacfured by the Exar Integrated SyStems~of‘R40hm Cbrp. is"
used to_repkodUce the subcahrier.fréquenéy with the vojpége'contro]1ed :
osci]]atorV(VCO);‘ The output of the VCO s sUpplied és_the referencel'
frequency to the dbﬁb]e—ba1an¢ed mixer MD—108'manufactured by Anzac
Electronics through én obérationa]-amp11fier.LH0005CH manuféctufed by
National Semi¢ohductor.Corp. iThe'amplifier is,opekated~af Unity gain
as a buffer. _fhe TV signal is 90° phase shffted through a phase_shifting
circuit which_uses"éh 'LHOOOSCH and fhen suph]ied toifhé demodulator. A
Since the reference frequency and the TV‘Signai are 90° out-of-phase, the
mixer acts as{a.COherént (homodyne) detector and,amplitude demodu]ation -
takes p]aCe.‘:Thé output-of the demodulator is passed tﬁkough.a Tow-pass
filter fo }eéoVer»the baéeband Video4and 4.5 MHz FM audib'signa1s.
Experiménta] work will be needed fo eva]uéte the berforﬁdhce of this
circuit. - _ | :

TheAciréuit anctions of Fig. E—] can be integratéd'into a single .
IC configUrétioh. The NE561B manufactured by Signétics,bbrp{‘js_such an
IC and Fig. E-2 shows a conéébfua] design which shou]dquhétion satis-
factori1y(23), ‘Thé_use of ICs such as the NE561B w111'§ﬁmp11fy_the
design of TV receivers fof_centra11y switched optical TV}distribution

systems.
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Fig. E-1" CLRCUIT FOR COHERENT DEMODULATION OF ATV SIGNAL

© The phase Tock 1oop provides the reference frequency for
coherent demodu]at1on
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. Fig. E-2 INTEGRATED CIRCUIT FOR COHERENT DEMODULATION OF A TV SIGNAL

A phase 1ock Toop and a mu1t1p11er (demodu]ator) are 1nc1uded in the same package
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APPENDIX F

CONCEPTUAL DESIGN OF
A. TV SWITCHING MATRIX

Figure F-1 shows a conceptual designlof a Swifcﬁing matrix for
baseband TV\signa1s. Whether the system wi]]-perform:adequatelyyat'
subcarrier frequehcies (13 MHz or 19 MHz) depends on thé-isg]ation '
provided by fhe solid state switch AM10002 manufacturedfby Natiohall
Semiéonductor°Corp; as well as on the care exercised:insdesigning‘the'
1ayout of the pr1nted circuit board.

The TV s1gna1 is supp11ed to the common bus by an LM0033CG
voltage follower manufactured by Nat1ona1.Sem1conductor_Corp"
The unit has-a very Tow output 1mpedanee (6'9)‘and cah:§upp1y*up to
250 mA‘of.current. .Many subscriber ]ines'therefere_eaﬁfbe connected
fo thevcdmhon~bus—bar. The AM1002 swftch is contro]]ea‘byifhe eentra1~
processor unif (CPU) through a TTL buffer DM88OOH manufactured by
National Sem1conductor Corp .. When the sw1tch AM1002 is closed, the
TV signal is connected to the current amplifier LH0002C manufactUreq
by NationaT SeM1conductor‘Corp.. The unit acts ae a buffer.and delivers
the signaT texthe following stage. Exper1menta1 work 1s requ1red to |

determine the performance of th1s design.
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_ Current amplifiers LH 0002 C are ‘connected to the common bus
by CPU contro]led sem1conductor sw1tche> AM1002. .



